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Summary (Non-technical)

Dendroclimatology, the use of tree rings to reconstruct variations in past
climate, is the only discipline that is presently capable of providing quanti-
tative information on the yearly and decadal variations in prehistoric climate.
Well dated and replicated proxy serics of climate are obtained from corings made
from 10 to 30 trees in a given site. Beam: from archacological ruins or remains
of old treces on the ground may be cross-deted with living trees to extend the
proxy series back in time.

The best proxy scries may be selected to provide a grid of tree-ring sites
equivalent to a grid of climatic stations and the spatial variation in tree
growth can be calibrated with the spatial variation in climate, Transfer
functions can be obtaincd by this procedure which maylho appiied to the growth
amounts during yecars prior to historical records to calculate and reconstruct
the past climate., A grid of 49 trce-ring stations over western North America
gives us predictabiliLy of past climate for large arcas over North America and

the North Pacific,
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The object of the ARPA project is to extend -his tree-ring data base over

a wider geographic arca, to new species and further back in time. This exten-

—— e R L

sion will atlow better and longer climatic reconstruction and broaden the area to
castern North America and the North Atlantic. Ultimately, we hope to obtain

more materials from other continents and will add these data to reconstrct
climatic anomalies for the entire unorthern hemisphere.

i The major accomplishments of the first six months have been the collection,

dating, processing and cataloging of replicated trec-ring materials “rom wore '

than 139 sites in North America and Furope. A total of 101 of thesc siles were

-~

campled or acquired in whole or in part by means of ARPA project funds (sce l

| tables 1, 2, 3, 4 and fig. 1). 1Initial cxamination has been accomplished for

I well over half of the sites and 19 of these have already been completed through
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the data processing stage. Selection of stations to be used for dendroclimatic
purposes has not yet been made. Because of equipment failure, $3,470 was in-
vested in new electronic equipment. This has allowed uf to keep pace with the
heavy load on the tree-ring measuring machines resuiting from ARPA project
aquisitions.

The support from ARPA has significantly broadened the range of specics
and sampling localities for Mexico, northeastern, midwestern and southwestern
United States (see Fig. 1 and Tasks 1, 2 and 3). This broadened data base is
expected to lengthen and strengthen the climatic information and allow esti-
mation of past climate in a wider geographic area than has been possible up
to now,

Climatic data are presently being screened and compiled for subsequent
ring-width calibration (see Task 4). Since the work began in July, we have
refined our calibration model and have been able to almost triple the predict-
ability of past climatic anomalies using alrcady existing ring-width series for
western North America (see Introduction). The new model will eventually be
applied to the wider collections obtained in this project when materials
are completely worked and the data suitably processed.

Initial contacts are being made with collaborators in Europe--a major
step toward broadening our data base to a world-wide scope.

Paleoclimatic reconstruction made firom tree rings are expected to assist
those projccts aimed at modeling the circulation of the earth's atmosphere in
order to predict future climates. The long record in tree rings provides a
better estimate of climatic variability because it incorporates long-term

variations not present in the short historical records of climate.

i




INTRODUCTION

The premise underlying the project work is that information derived from
rings of trees distributed over a wide geographic area, such as a continent,
can be used to reconstruct climate for a still wider area including the oceans
bordering the continents. Yearly anomalies in circulation of the atmosphere
as measured by the variance in surface pressure over the North Pacific and
western North America have already been successfully reconstructed by using

49 ring-width chronologies from western North America. In work published by

Fritts et. al. (1972) the variance in tree rings explained approximately 20%
of the pressure variance for winter and 207 for summer for large portions of
the Northern llemisphere. Refinements of techniques used earlier (work done
in conjunction with NSF grant GA-26581) have improved the results and now

we arc able to use the variance in trec rings to explain approximately 55%
of the variance in pressure for both the summer and winter scasons.

This improvement makes us confident that continued efforts to widen and
extend the tree-ring data base over North Amcrica and to cventually include
other continents of the world, will make possible global-scale reconstruction
of climatic anomalies for periods prior to historical records. The ARPA
supported work has enabled us to substantially increase the rate by which we

- are cextending this data base. Three ficld parties (Tasks 1, 2 and 3) collected

this past summer season in Chihuahua, Coahuila, aud Baja California, Mexico;

in northern Arizona, northern New Mexico, southern Colorado, and southern Utah;
and in New England arnd northern Minncsota. Also, an older collection was ob-
tained from Professor Robert Bell of the University of Oklahoma. This collection
was originally housed at the University of Chicago and includes old timbers,
cores, and cross-sections from trees sampled in the 1930's ant 1940's in

ecastern United States., Additional materials that were collected and made

available to the ARPA projects include:




(1) 5 sites collected in Sweden by T. P. Harlan during the summer of 1972
while on his personal travels; (2) 1 site collected from the San Gorgonio
Mountains in California by Robert Tosh; (3) 12 sites collected by J. S. Dean
and party in work funded by the National Park Service, U, S. Forest Service,
the Museum of Northern Arizona, and the Laboratory of Tree-Ring Research;

(4) 12 sites collected for the Lake Powell Project by C. W. Stockton; and
(5) 7 sites collected by C. W. Ferguson for Yellowstone National Park,

All materials available for the ARPA work are listed in Tables 1, 2, 3
and 4., It must be pointed out that only a small set of these sites will in
final analysis prove suitable for dendroclimatic work. In some areas too few
usable specimens (less than 10 trees per site) will be available for chronology
development., The ring sequences in some trees will be found upon examination
to be undatable or the trees too young to extend the climatic information beyond

the existing record. Others may possess a climatic signal that is too weak or

may be severely affectcd by site factors which obscure the climatic information the

rings contain. In the case of the University of Chicago collection, which was
assembled 30 to 40 years ago, cach site must be re-sampled to bring the ring-
w.dth chronology up to date. '

The initial task of the ARPA project is tu sift through this diverse set
of tree-ring data, to date the materials and to select the best ¢f them for
subsequent mecasurement and processing so that they may be utilized in future
ARPA work. With the present level of funding a portion of these collections
can be cowpletely processed by the end of the first year. With the exception
of materials from the University of Chicago collection, processing of the most
valuable 1972 collections should be completed at least by the end of the second
year.

The development of the climatic data bank (Task 4) is progressing well and

plans are being developed for consultation with H. H. Lamb at his laboratory




in Norwich, England. In conjunction with this consultation, contacts are planned

with a number of tree-ring workers in Europe to propose cooperative work. Funds
are also being solicited elsewhere to conduct an international workshop in 1974
to facilitate the organization of this international project,

The following are reports from the individuals directing each of the above
mentioned tasks. Following the reports are tahles listing the sites collected
and progress thus far. Fig. 1 at the end of this report shows the location of

all mentioncd sites occurring within Mexico and the United States.

Task 1 reported by M. A. Stokes

Field work this past summer represented an attempt to extend the tree-
ring data base over a wider arca in Mexico. It was hoped that this sampling
would begin to produce a grid of tree-ring chronologies similar in extent and
quality to those for the United States,

The field party made collections along an arc running from the »ig Bend
arca through Saltillo, Coahuila and up the mountains west of Chihuahua City.
In acdition collections were made near Creel, Chihuahua, in the heart of the
Sierra Madre Occidental. One promising area in Coahuila was not sampled due
to adverse weather and road conditions, Results of field work in northern
Mexico and progress on working up the collections arc included in Table 1.

Two of the above chronologies appear usable for climatic reconstruction.
Three other sites may prove to be satisfactory, but at the present time spec=
imens are still under examination. A number of factors are being encountered
vhich moke Mexican dendrochronology difficult. Many Mexican forests have been
heavily cut or severely disturbed so that there are few very old trees with a
suitable climatic record. A rapid growth rate under warm, moist conditions
results in a short life span among Mexuican trees, hence short ring-width series.
Also, some Mexican tree species have ring series in which the cross~-dating is

problematical.




The =ame field party sampled at the southern tip of Baja Californiz. A
pack trip was made to the summit of the Sierra de la Laguna range where collec-

tions were obtained from pinyon pine (Pinus cembroides). To date, analysis has

revealed problems in the differentiationeof true annual rings from false rings.
This may be the result of adaptation to a tropical climatic regime or anomalous
growth, characteristic of this species of pinyon pine. Continuing examination
may eventually resolve these difficulties and provide a useful series.

A further collection is to be made during the spring of 1973 in the Sierra
del San Pedro Martir in northern Baja California. There is considerably mcreo
likelihood that old and usable trees will be found there.

Field and laboratory study has indicated that Pscudotsuga menziesii

(Douglas fir) and Pinus strobiformis (Mexican white pine) are the best specics

available for dating purposes in Mexico, although other species such as Pinus

ponderosa, Pinus cembroides (pinyon pine), Pinus leiophylla var. Chihuahuana

(Chihuahua pine) and Picca chihuahuana (Chihuahua spruce) can be dated. Be-

cause ponderosa pine grows at lower elevations and on drier sites, more prob-
lems arc encountered with it than with species from high elevations.

Limber pine cores (Pinus flexilis) collected from the San Gorgonio Moun-

-

tains in souther:. California by Robert Tosh of Mentone, California, havé;yéen
made available to this project._ This material is composed of 238 corcsgfggm}:
101 trees. The dating and measuring have shown the chronology developed frbg
this collection to extend from 18 B.C. to A.D. 1971, A number of these cores
are being sclected to be processed for the ARPA work.

Five sites of Scotch pine (Pinus sylvestris) in central and northern

Sweden were sampled by Thomas P. Harlan of the Laboratory in June of 1972,
The samples have been examined and dated and have also been made available to
the ARPA project. After measurcments are made, data processing will be done

on ARPA funds,
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Task 2 reported by J. S. Dean

The principal objective of Task 2 is the construction of a geographical
network of tree-ring chronology stations throughout the plateau area of the
Southwest in order to assess tree-growth-climate relationships and to isolate
spatial and temporal patterns of variation in past climatic conditions in the
region. The network of modern stations corresponds to an already existing
grid of tree-ring chronologies based on samples from archaeological sites.
Dendroclimatic analyses of the modern tree-ring series will be used to calibrate
the archaeological sequences with local climatic conditions as a basis for more
accurate reconstructions of past climatic variability in the Southwest. Those
modern series that exteud far enough back into the past will be merged with their
archaeological counterparts to produce long-range chronologies suitable for
detailed studies of past climatic conditions in the Southwest from A.D. 700
to the present,

Thirty-one modern tree-growth site collections are currently available
for study (Table 2). Twelve of these sites were wholly or partially sampled
during the past few ycars under the sponsorship of the Laboratory of Tree-Ring
Research, the National Park Service, the U, S. Forest Service, and the Museum
of Northern Arizona. Availability of this material for use in the Task 2

program eliminated the necessity for collecting some stations, while other

site collections had only to be augmented with a few additionél samples.

Nineteen sites in Arizona, Utah, Colorado, and New Mexico were newly sampled
and five site collections were augmented under ARPA sponsorship in 1972

(Table 2). Wherever possible, multi-species site collections weve made as a
basis for analyses designed to isolate inter-species differences in climatic
response to be used in reconstructing seasonal variability in past climates.

A total of 799 cores from 398 trees representing 24 sites have thus far been




collected as part of Task 2. Twelve to fifteen additional sites in New Mexico
will be sampled in the near future to complete the geographical coverage of the
network.

Laboratory analyses of the collections is prnceeding rapidly (Table 2).
Specimen study has been completed for 14 sites ana computer processing has
begun on the material from six of these collections. So far, four individual
species chronologies from three sites have been computerized, six other chron-
ologies are in advanced stages of development, and 12 additional dated species
sets are nearly ready for computer processing, Twenty-two species sample sets
have not yet been studied; however, cursory examination of some of them indi-

cates that they possess a high degree of dendroclimatic potential,

Task 3 reported by M, A. Wiseman

The objective of Task 3 is to broaden the coverage of trec-ring data
into northeastern, southcastern and midwestern North America. Two different
collections have been ob*tained and are in the process of examination,

Over 300 cores were collected from sites in the New England states and
in northern Minnesota by H. C, Fritts during August, 1972. All cores have
been prepared for analysis, and the New England sites have been fully examined

(Table 3). Two New England red spruce sites (Pices rubens) show good dating,

length and replication and will be useful for paleoclimatic analysis. The

red pine sites (Pinus resinosa) from northern Minnesota are presently being

examined and dated.
The second collection acquired through ARPA funding consists of over 2000

cross-sections and cores from southeastern and midwestern states taken in 1937-

1942 by the University of Chicago. In adaition, the collection has appreximately

1000 specimens from historical and archacological sites in the same regions,

which may be of value in extending chronologics back in time after the modern

specimens have been work:d and cross dating has been established,
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Progress in analyzing the University of Chicago material has been
slow, as the collection was received in a state of disorganization. It
has now been entirely re-sorted and examination is proceeding at a satisfactory
pace (Table 3).

Dating was reported for some of the specimens (Hawley, 1941), but some
controversy exists concerning validity ¢f the dates. From notes accompanying
the collection, two initial sites indicating good cross-dating have been
selected: Jefferson County, Missouri, and Norris Basin, Tennessee (Table 3).
Specimens have been prepared and are being examined independently of former
dating efforts. The erratic growth nature of eastern red cedar (Juniperus
virginiana) has made analysis difficult, however, cross-dating has been found.
The greater-than-400-year length of these chronologies should be useful for
climatic analyses. A prelimirary analysis of variance is planned as a test
case for cedar to determine the climatic value of the species.

In the Chicago colicction, an estimated 38 sites delimited by county
boundaries and distributed in at least 9 states indicates enough replicated
sampling to be of potential value as climatologic chronologies if cross-dating
is established {(Figure 1). In order to locate the sites where modern re-
sampling will be most profitable, a spot check for crois-dating in ecach site
is planned before further in-depth cnalysis proceeds.

Over 65 sites In the collection have too few specimens to be used as
climatic chronologies, but these perhaps may be utilized to substantiate ad-
jacent sites or to provide leads on arcas for further collection.

Additional climatic infonmation may also be gained from the array of

species represented but not yet analyzed: cypress (Taxodium distichum), north-

‘ern white cedar (Thuja occidentalis), tamarack (Larix laricina), hemlock (Tsuga

canadensis), white oak (Quercus alba), and shortleaf pine (Pinus echinata).




Task 4 reported by C, W. Stockton

Establishment of a tree ring - climatic data bank has progressed at a
satisfactory rate. The climatic data collection work, being a conjunctive
effort with the Center for Climatic Research at the University of Wisconsin,
has been partitioned on an ecast-west North American continent basis=-the
Univecsity of Wisconsin group concentrating on the area ecast of the 100th
meridian, our group (University of Arizona) west of the 100th meridian. The
effort has utilized funds from GA-26581, NSF, as well as from ARPA, At the
present, we have screened the station records for those stations with precip-
itation and temperature records of at least 70 years duration and a fairly
stable location. The result has been 162 stations, including both first and
second order, for which data have been collected and punched on computer cards,
About 607 of these stations have resulted from the ARPA supported work. We
are now in the process of estimating infrequently occurring missing monthly

values using the technique outlined by McDonald (1957). In addition we are

checking (and correcting where necessary) each of these records for homogeneity

by using a double mass ana’ysis technique for the total monthly precipitation
records and a modified accumulated first difference method for average monthly
temperature records,

We will use these data for tcsting purposes and to extend regional averages
in the Decennial Census for the United States backwards beyond 1930, Working
with the group from the University of Wisconsin, we are establishing a technique
and the necessary computer software to weight each record s» that stability in
the regional mean will be assured as the sample size diminishes with progression
back in time.

Ultimately, we hope to have a grid of regional temperature and precipitation

averages for the North American continent that can be used to climatically cali-




brate our developing North American continent tree-ring network.

Associated Field Sampling

A subcontract, which is simultaneously being conducted for the Lake
Powell Project, a NSF, RANN funded effort, has resulted in 9 new chronologies
and the up-dating of 2 existing tree-ring chronologies which can be utilized

in the ARPA investigation. An additional set of sites was collected by C. W,

Ferguson on a project sponsored by Yellowstone National Park. A summary of

these collections is shown in Table 4,
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